TITLE 



ESP Protection Component 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to an ESD 
protection component. In particular, the present invention 
relates to an ESD protection component combining metal oxide 
semiconductor field effect transistor (MOS FET) with 
semiconductor controlled rectifier (SCR) . 

Description of the Related Art 

As technology advances, ESD durability has become an 
increasing concern for integrated circuit (IC) mabnuf acture . As 
semiconductors have advanced into deep submicron regimes, the 
resulting scaled-down semiconductors, shallower doping 
junction depths, thinner gate oxide layers , lightly-doped-drain 
structures (LDD) , shallow trench isolation (STI) and salicide 
processes are less tolerant stress. Therefore, special ESD 
protection circuits must be deliberately designed around the I/O 
port of the IC to prevent damage from ESD stress . 

Normal ESD protection circuits have a parasitic npn bipolar 
junction transistor (BJT) in the output stage NMOS FET to release 
ESD stress. The output stage NMOS FET is usually strong enough 
to withstand strong current. 

Alternatively, SCR formed across the I/O pad and the power 
line is used as the ESD protection component. Less heat is 



generated from the SCR due to its low holding voltage. The SCR 
thus endures high ESD stress and is a good ESD protection 
component. In conventional technology, MMOS FET is used to 
decrease the trigger voltage of the SCR. Fig. la shows a 
conventional NMOS triggered low-voltage SCR (NTLSCR) . Fig. lb 
shows a cross-section of a line aa' in Fig. la. The SCR is 
composed of a P+ doped region 64, an n-well 62, a p substrate 
60 and an N+ doped region 66. Special attention is paid to the 
configuration of the NMOS FET and the SCR to obtain a smaller 
layout area with better ESD protection ability. 

In US patent no. 5, 742. 085,. an NMOS FET is formed between 
two SCR. When the drain of the NMOS FET is broken down, both 
SCR are triggered simultaneously. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide an ESD 
protection component combining NMOS FET with SCR to achieve good 
ESD protection and small chip size. 

The present invention provides an ESD protection 
component, comprising: at least two MOS field effect transistors 
(FETs) of a first conductivity type and a first well having a 
first conductivity type. The two MOS FETs have two parallel 
gates formed on a first semiconductive layer having a second 
conductivity type. The first well formed on the first 
semiconductive layer is comprised of: a connecting area formed 
between the MOS FETs; two parallel extension areas formed 
perpendicular to the gates of the MOS FETs; and a first doping 
area of the second conductivity type formed in the connecting 
area. Two SCR are formed with drains of the MOS FETs, the first 
semiconductive layer, the first well and the first doping 
region . 



The difference between the present invention and a 
traditional LVTSCR are: 

1. The ESD protection component of the present invention 
includes SCR and NFET devices simultaneously. The present 
invention thus can be used as an output driver, while the LVTSCR 
can only be an ESD protection device. 

2. The N-well in the ESD protection component of the present 
invention is not connected with the drain of the NFET while that 
of the conventional LVTSCR is. 

3. The ESD component of the present invention has two additional 
N-type doping areas (NW/N+ OD) at the top and bottom sides of 
the device (as notation 3 0 shown in Fig. 2a) . 

4. The ESD protection component in the present invention has a 
shunt N-well resistor between the N-type doping areas 3 0 and the 
P+ doping area (P+ OD/NW) , as shown in Fig. 2a. 

5. ESD protection devices are often designed with large width 
in vertical direction (as y in Fig. la) and small width in 
horizontal direction, in order to build a multi-finger device. 
For instance, the dimension of an NFEG drain is about 3 0um*5UM 
(y*x) . The series resistor of N-well is about lk . If an shunt 
N-well resistor with lk is required, a distance of 30 urn is 
required between the N+ OD and P+ OD in the conventional LVSTR 
while only about Bum is required between the N-type doping areas 
and the p+ doping area for the ESD protection component of the 
present invention. Without an adequate shunt N-well resistor, 
the SCR cannot be turned on. Concluded from the description 
above, the distance between the N-type doping areas and the P+ 
doping area (to create an required N-well resistor) of the ESD 
protection component of the present invention is much smaller 
than that of a conventional LVSCR. In addition, the two N- doping 



areas 3 0 are located at the tope and bottom sides of the present 
invention. Thus, there is no need to increase the drain area 
of the NFET in order to create an adequate N-well resistor, while 
-~ ^ A v extra drain area needs to be created in the conventional LVTSCR. 
5 * BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
^^^*^readir\ the subsequent detailed description in conjunction with 
the examples and references made to the accompanying drawings, 
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; |j wherein; 

t| Fig. la shows a conventional NMOS triggered low-voltage SCR 

;fj (NTLSCR) ; 

Fig. lb shows a cross - sect ion of a line aa' in Fig. la; 
Fig. 2a is a schematic diagram of an ESD protection 
component of the present invention; 

Fig. 2b is a cross-section of a line bb' in Fig. 2a; 

and 

Fig. 3 shows an IV diagram of the ESD protection components 
of the prior art and the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Fig. 2a is a top view of an ESD protection component of the 
present invention; Fig. 2b is the cross-section of a line bb' in 
Fig. 2a. 

The ESD protection component comprises at least two NMOS 
FETs formed on a P substrate 10, as shown in Figs 2a and 2b. Each 

25 MOS FET has a gate 18, an n+ doped area 14 as a drain and another 
n+ doped area 16 as a source. The gates 18 are roughly parallel 
to an "I" shaped n well 12 . The n well 12 is schematically divided 
into three sections, two are extension areas 26, formed in 
parallel and roughly perpendicular to the gate 18, as shown in 

30 Fig. 2a; the other is a connecting area 24, formed between the 
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two n+ doped areas 14 and connecting the two extension areas 26. 
Each extension area 2 6 has an n-type doping area 30, as the 
connecting point of the n well 12. The connecting area 24 has 
a p+ doped area 28. Another p+ doping area, as a guard ring of 
the ESD protection component, surrounding the NMOS FET and the 
n well 12, is formed and becomes a connecting point of the p 
substrate 10. 

The electric connection of the ESD protection component in 
Figs. 2a and 2b is described below. The sources of the NMOS FETs 
(the n+ doped areas 16) are coupled to VSS, the p substrate 10 
is coupled to VSS through the p+ doped area 20. The drains (the 
n+ doped areas 14) and the p+ doped area 28 are coupled to a pad 
22. The n well 12 is coupled to the pad 22 through the n+ doped 
area 30 in the extension areas 26. The gates 18 are coupled to 
VSS, a pre-driver circuit or others, depending on the circuit 
design. 

In Fig. 2b, two SCR connected in series between the pad 22 
and VSS are formed. Each SCR is comprised of the p+ doped area 
28, the n well 12, the p substrate 10 and an n+ doped area 16. 

The drains of the NMOS FETs have low gate -added breakdown 
voltages so that they are easily broken down in an ESD event. 
Furthermore, the n well 12 is far from the connecting point of 
the pad 22 (the n+ doped area 30 in the extension area 26) , so 
significant resistance is formed to reduce the voltage level of 
the n well 12 of the SCR which causes the SCR to be triggered 
much faster. The parasitic npn under the NMOS FETs also help 
to release the ESD current and increases the ESD protection 
efficiency of the ESD protection component. 

The post -driver can be used as the NMOS FETs so no extra 
process is needed. In other words, only a little change is needed 



in the post -driver to implement the ESD protection component of 
the present invention. 

The two NMOS FETs are formed in series to become a large 
finger-shaped NMOS FET . More NMOS FETs can be combined if 
5 necessary. The implementation can easily be performed by those 
skilled in the art and is thus not described here. It is worth 
noticing that when more than two NMOS FETs are used, the n well 
12 may not have the W I" shape, but a "II" shape and so on. 
■jfj Fig. 3 is an IV diagram of the ESD protection components of 

111 the prior art and the present invention. Table 1 is the 
; |r comparison chart of the ESD protection efficiency of the 

yi conventional ESD protection component and the present 

01 

, 5 invention. The conventional NMOS FET has a channel width of 12 0 

micrometers, twice that of the ESD protection component of the 

H : present invention (with a channel width of 60 micrometers) . 

P 

Q Referring to Fig. 3 and Table 1, the conventional NMOS FET is 
larger, but its human body mode (HBM) ESD durability is only 1.5 
KV, which does not meet the 2KV market requirement. On the 
contrary, the ESD protection component of the present invention, 

20 using the NMOS FET and the SCR structures, only half of the 
conventional NMOS FET size, achieves an HBM ESD durability as 
high as 5KV. In other words, the ESD protection component of 
the present invention is smaller, but achieves impressive ESD 
protection efficiency. 

25 

Finally, while the invention has been described by way of 
example and in terms of the preferred embodiment, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. On the contrary, it is intended to cover various 
30 modifications and similar arrangements as would be apparent to 
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those skilled in the art. Therefore, the scope of the appended 
claims should be accorded the broadest interpretation so as to 
encompass all such modifications and similar arrangements. 



